FORATTINI, O.P. et al, Studies on mosquitoes (Diptera: Culicidae) and anthropic environment, 6 -Breeding in empty conditions of rice fields in South-Eastern Brazil. Rev. Saúde Pública, 28: 395-9,1994. Studies on culicid breeding in empty rice fields were carried out during the cultivation cycle from May to November 1993. This period corresponded to stages 1 and 2, when empty conditions prevailed. Breeding occurred in stage 1 and the first part of stage 2, corresponding respectively to fallow uncultivated and ploughing situations. No breeding was found to take place during the second part of stage 2 when transient floods and harrowing occurred. The predominant species were Aedes scapularis, Culex nigripalpus and Cx. mollis. The Pilosus Group of Culex (Melanoconion) was found at lower densities. Some epidemiological considerations are presented.
Introduction
It is recognized that rice irrigation systems create suitable habitats for some culicid species. This may be roughly brought out by focussing on the respective situations in the empty and flooded paddies. In the south-eastern region of S. Paulo State, Brazil, as has already been reported in a previous paper, the empty condition seems to be propitious for Aedes scapularis production and for some Culex (Culex) mosquitoes and the permanent flooding favours Anopheles albitarsis breeding (Forattini et al. 4,6 , 1994) . The mosquito breeding production in the paddies was followed through during the 1993-1994 rice cultivation cycle at the Ribeira Valley Experimental Station in Pariquera-Açu County. The observations made focussed on the condition of the empty rice fields called stages 1 and 2, when they remained fallow, uncultivated, ploughed and graded with transient floods. These are part of the method used to harrow the earth, making it smooth and ready for the next phase that is the transplantation stage. In the present paper the breeding patterns of the more abundant species found in those paddy situations are reported.
Material and Method
The study area and the rice cultivation cycle have already been described in Forattini et al. 4, 6 , 1994. Larvae were collected weekly starting over the period from 17 May to 29 November 1993. That period covered 29 weeks that included twelve corresponding to stage 1 and seventeen corresponding to stage 2. In accord with the routine already adopted, standard 500 ml dippers were used and the density was estimated as an average of the number of larvae collected per ten dips.
When the rice fields were empty, each remaining pool in the two contiguous paddies, also previously described (Forattini et al. 6 , 1994), received attention and was sampled in the search for immature specimens. The sampling of these residual pools was made to the limit of 180 dips per collection. The Climatology Section of the Campinas Agronomic Institute (Instituto Agronômico de Campinas) of S. Paulo State provided data on the climatic conditions during the period.
As has been stated, stage 1, corresponding to the field in its fallow, uncultivated state, lasted until August when it was followed by stage 2. The ploughing which then began was carried out continuously until October when transient floods and harrowing followed. For ease in presenting the results, the weeks were numbered in sequence, the first being that starting on 17 May.
Results
Over the twenty-nine successive weeks, 8,626 mosquito larvae were collected. Of that total, 7,805 (90.5%) belonged to only three species, namely Aedes scapularis, Culex mollis and Cx. nigripalpus. With regard to the others, 365 (4.2%) of them were Cx. (Melanoconion) the most frequently found and, among these, the Pilosus Group prevailed with 301 (3.5%) of the total of larvae collected.
Predominant species -As has already been said, three species predominated in the collections making up more than ninety percent of the total larvae obtained, as follows: With regard to the periods corresponding to the two rice cultivation stages, the global monthly data on larvae densities are presented in Table. The weekly distributions of these data throughout the whole collecting time are presented in the 1 and 2) . A remarkable decrease occurred at the beginning of the ploughing activities during stage 2, when practically only Ae. scapularis was found and was associated once again with rain ( Fig. 1) . In the second part of stage 2, transient floods and simultaneous harrowing occurred before December when permanent flooding set in. In that phase no more larvae were found.
Less frequent species -Besides the predominant species others were obtained which made up less than ten percent of the total larvae collected. Among them Culex (Melanoconion) of the Pilosus Group (Cx. innovator, Cx. pilosus and Cx. rooti) were the most frequent. As was observed with regard to the other species, these were found in the rice fields only during stage 1 and at the beginning of stage 2. Association with rainfall was suggestive, as is shown by the Figure 1 .
Discussion
This study addressed the question as to whether the empty rice field situation constituted a propitious mosquito breeding environment. This condition corresponded to stages 1 and 2 of the 1993-1994 rice cultivation cycle in the study area. The results showed that some species were favoured by the fallow, uncultivated condition (stage 1) during the period prior to the ploughing that takes place during the first part of stage 2. It seems that grading and flooding for harrowing do not favour mosquito breeding as, during that phase, no immature stages were found.
These field conditions seemed to provide suitable situations for the proliferation of Aedes scapularis, Culex nigripalpus and Cx. mollis. It was suggestive that the habitat simplification and the niche reduction, both resulting from the rice field installation, favoured those mosquitoes, mainly during the fallow, uncultivated phase and, though less so, at the beginning of the ploughing phase. The association obtained with rainfall, was expected with regard to Ae. scapularis, as shown in Figure 1 . There the increased density following the heavier rainfall is evident. That behavior is normally presented by those culicidae that lay eggs in the empty breeding places and grow quickly from the hatching to the adult phase. Concerning Ae. scapularis, the influence of rainfall is more evident because it has drought-resistant eggs and utilizes ground-pools as breeding places. Besides, the results here obtained agree with the hypothesis that the species possesses a high degree of adaptability to man-made environments (Forattini et al. 2,4,5 , 1986, 1993, 1994 ; Forattini and Gomes 3 , 1988) . Regarding the two Culex species named, the association with rainfall was not so clear (Fig. 2) . Nevertheless, results obtained were suggestive as supporting the hypothesis that the amount of organic matter accumulating on the rice fields favoured the installation of suitable breeding places for these mosquitoes. Among them, Cx. nigripalpus showed a particular level of local adaptation to this environment (Forattini et al. 4,5 , 1993, 1994) .
As for the Pilosus Group of Culex (Melanoconion), the larvae were found prior to the end of the ploughing phase and their association with rainfall was suggestive (Fig. 3) . Nevertheless, it was different from that presented by Ae. scapularis since the increase of densities occurred almost concomitantly with the more intense rainfall. These culicidae lay resting eggs on moist substracts and remain viable, hatching when flooding occurs (Mattingly 7 , 1976) . Thus this aspect, as well as the lengthy breeding time, may explain the different pattern found.
In conclusion, mosquito breeding in rice fields varies essentially in accordance with the three distinct parts of the rice cultivation cycle. The first one is that here considered as the empty phase and includes stage 1 and the ploughing phase of stage 2 (Forattini et al. 4 , 1993) . At that time the fallow, uncultivated, ploughing and rainfall conditions provide suitable breeding places for Ae. scapularis, Cx. nigripalpus and Cx. mollis. Depending on the rainfall intensity, the Pilosus Group of Culex (Melanoconion) may also increase in density. After the ploughing of stage 2 a second part occurs that includes transient flooding and harrowing. This seems unsuitable for mosquito breeding. Finally, the third part, corresponding to transplantation and permanent flooding (stages 3 and 4), converts the rice paddies into great breeding places for other mosquitoes, among them the Anopheles albitarsis, a local species important from the epidemiological point of view as a potential malaria vector (Forattini et al. 6 , 1994 ).
Nevertheless it is opportune to mention that the empty field condition may propitiate the breeding of species that may be of local epidemiological significance. So Ae. scapularis is recognized as widespread in South America and with a clear endophilic and domiciliary tendency. Some observations suggested that it may be involved in a chain of secondary transmission of Venezuelan equine encephalitis (Mitchell e tal. 8 ,1985) . Likewise, Cx. nigripalpus even though considered ornithophilic, has been indicated as a possible vector of the Saint Louis encephalitis virus (Cupp et al. 1 , 1986 ). Thus, it should be understood that, depending on the extent of the area under rice cultivation, the density of these mosquitoes may will constitute a public health problem. 
